within cells for its role in catal yzing the first ATP generating step of gl ycol ysis b y transferring the 1-phosphate from 1,3-bisphosphogl ycerate (1,3-BPG) onto the β-phosphate of ADP (Scheme 1). Human PGK has two isoforms, PGK1 and PGK2; PGK1 has been implicated in mediating a variet y of disease states including cancer, (Zhao et al. 2014; Ameis et al. 2013 ) whilst PGK2 is involved in spermatogenesis (Yang et al. 2013) . In anaerobic pathogens, including
Plasmodium and Trypanosoma, PGK has been considered a therapeutic target due to the reliance of these organisms on gl ycol ysis for energy metabolism (Bilsland et al. 2011) . Yeast PGK has been examined extensivel y as a protot ypical protein for structure-function studies (Szabo et al. 2008; Varga et al. 2005; Vas et al. 2010) . PGK consists of highl y conserved C-terminal and Nterminal domains joined b y a flexible helix. This helix acts as a hinge, facilitating a transition from an open to a closed conformation upon substrate binding. Domain closure brings the N-terminal domain phosphogl ycerate binding site into close proximit y to the ADP binding site on the C-terminal domain, thus enabling phosphate transfer. This significant conformational change has been extensivel y described through the anal ysis of PGK crystal structures (Bernstein et al. 1997; Zerrad et al. 2011; Zheng et al. 2012; Bernstein et al. 1998) . Recentl y, significant insight into the fundamental mechanism of enz yme-catal yzed phosphoryl transfer has come through the use of metal fluoride transition state analogue complexes (TSAs); these TSA species D r a f t exist on a timescale of seconds and can be observed b y one-dimensional (1D) 1 9 F NMR spectroscop y (Jin et al. 2014; Griffin et al. 2012; Liu Xiaoxia et al. 2011; Baxter et al. 2010; Bowler et al. 2010; Baxter et al. 2006) . When assembled into an enz yme active site trifluoromagnesate (MgF 3 
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Materials and methods
All materials were purchased from Sigma-Aldrich.
Quantification of yeast PGK by UV absorbance and SDS-PAGE gel densitometry
Yeast PGK (Sigma Aldrich 9001-83-6) was supplied as an ammonium sulfate suspension, therefore, an Amicon Ultra 0. (Jakeman et al. 1998) . Sample PGK purity was examined b y SDS-PAGE and the proportion of PGK determined b y densitometry using Scion Image anal ysis software based on the intensit y of PGK band versus all other bands on the SDSpage gel. The PGK concentration was corrected to reflect the proportion of PGK as determined b y densitometry. Visual inspection of the 1D 1 H NMR spectrum of PGK was consistent with that previously reported in the literature (Jakeman et. al. 1998 ). Data fitting to the indicated equations was performed using nonlinear regression software GraFit 5.0 (Erithacus Software). K D A D P (Scheme 2A) was determined using a previousl y described waterLOGSY NMR method (Dalvit et al. 2001) . (Jakeman et al. 1998) .
ቍ ( Commercial samples of yeast PGK for 1 9 F NMR were mixed with ADP (a reactant) and 3PG (a product) as ligands to prevent catal ytic activit y, as similarl y described for human PGK1 enz yme (Baxter et al. 2008 ). (Table   2 ). We were able to identify three of these resonances as T yr-380, Phe-342 and His-62 based on assignments previousl y described in the literature (Fairbrother et al. 1989a) . Table 2 ) to determine the apparent dissociation constant for the binding of 3PG to yeast PGK (K D 3 P G , Scheme 4a) (Jakeman et al. 1998; Fairbrother et al. 1989a) . The average K D 3 P G , 0.041 mM ± 0.022 mM, was comparable to previousl y recorded values using an equivalent chemical shift perturbation NMR approach (Jakeman et al. 1998; Fairbrother et al. 1990 ).
The apparent dissociation constant for the formation of the PGK•3PG•MgF 3 -•ADP TSA (K D 3 P G ( F ) , Scheme 2E) was determined as above, with the addition of saturating NH 4 F at the outset. The presence of NH 4 F alone did not induce a ∆δH to the yeast PGK 1 H NMR spectrum (Fig. ESI1) , which suggested that fluoride did not independentl y perturb the enz yme. However, the addition of 3PG and NH 4 F resulted in a ∆δH for 52 PGK proton resonances ( Fig.   4c and 4d ), a two-fold increase in the number of peak shifts observed with the addition of 3PG alone. An increase in the magnitude of the ∆δH m a x values was also observed for these perturbations. Individual resonances were arbitraril y assigned numbers from right to left in the 1 H NMR spectrum (Fig. 4d) . A K D D r a f t 18 13 which have not been previousl y reported. Additionall y, a ∆δH has not been previousl y reported for Peaks 5-13 and several of the peaks for which a dissociation constant could not be calculated (Jakeman et al. 1998; Fairbrother et al. 1990; Fairbrother et al. 1989b ). There were up to two orders of magnitude variation in the calculated dissociation constants (Table 2) , with an average (Wishart et al. 1991 ,Sibley et al. 2003 ), and solvent exposure (Avbelj et al. 2004 ) upon formation of the closed active site conformation.
These results provide further evidence for yeast PGK conformational change upon formation of a TSA complex with metal fluorides, that is distinct from the substrate-bound enz yme species that have been examined previousl y (Fairbrother et al. 1990; Fairbrother et al. 1989b) . 
Conclusions
We have presented the first 1 9 F NMR evidence for the existence of magnesium trifluoride and aluminium tetrafluoride TSA analogues for yeast PGK. 
